INTRODUCTION
============

Stroke and transient ischemic attack (TIA) are relatively common reasons for emergency department (ED) visits. While TIA patients, by definition, fully recover, up to 23% will go on to have a subsequent stroke with 92% occurring in the following seven days.[@b1-wjem-21-626]--[@b3-wjem-21-626] Carotid artery stenosis is a well-established etiology of TIA and stroke.[@b4-wjem-21-626] Secondary stroke and death risk can be significantly reduced with carotid revascularization. This intervention is most beneficial for patients with 70--99% stenosis, with maximal benefit if completed within 14 days of the ischemic event and no further benefit after three months.[@b1-wjem-21-626]--[@b3-wjem-21-626],[@b5-wjem-21-626] There is also some benefit for patients with moderate stenosis (50--69%); however, the benefit is only present if surgery is performed within two weeks of the cerebral ischemic event.[@b1-wjem-21-626]--[@b3-wjem-21-626],[@b5-wjem-21-626]

While the benefit of carotid revascularization is optimal when performed quickly, this is not occurring. Three Canadian studies have found that median delay to surgery from symptom onset varies from 25 to 79 days.[@b2-wjem-21-626],[@b5-wjem-21-626],[@b6-wjem-21-626] Similar trends are observed in Europe with median times to surgery ranging from 53 to 82 days.[@b7-wjem-21-626]--[@b10-wjem-21-626] Furthermore, studies have found that inpatients undergo carotid endarterectomy (CEA) more quickly with 54% receiving CEA within two weeks vs 20% compared to outpatients.[@b6-wjem-21-626] The longest delay in care in one study was found to occur between symptom onset and vascular referral, which included delays to obtaining imaging given wait times for outpatient studies.[@b5-wjem-21-626] In a second study, time to carotid imaging was the major factor determining time to revascularization.[@b10-wjem-21-626] Having immediate access to comprehensive imaging may reduce delays to intervention. [@b5-wjem-21-626],[@b10-wjem-21-626] This point is further emphasized in the recent Canadian Stroke Best Practice Guidelines from 2018.[@b11-wjem-21-626]

Computed tomography angiography (CTA) has long been the gold standard for the detection of intravascular stenosis of large arteries in the head and neck. However, to best serve ED patients it requires 24/7 access to a CT scanner as well as technologists and radiologists capable of accurately reading the scans. Unfortunately, only about 15% of Canadian rural EDs have access to a CT scanner 24/7.[@b12-wjem-21-626] In the USA, similar trends are observed with less access to CT in smaller, rural hospitals.[@b42-wjem-21-626] Another tool available is carotid duplex ultrasonography (DUS) with sensitivity for stenosis ≥ 50% of 96--98% and specificities of 83--88%.[@b22-wjem-21-626], [@b23-wjem-21-626] However, DUS is quite complicated; it is usually performed by a dedicated ultrasound technician and requires extensive training. Additionally, DUS is often not available acutely or after hours.

Point-of-care ultrasonography (POCUS) is available in many EDs across the US and Canada and could be an adjunct to CT/DUS in hospitals with limited access.[@b13-wjem-21-626],[@b41-wjem-21-626] In addition to clinical information, risk-stratification of patients in the ED using POCUS could aid emergency physicians (EP) in their decision as to whether same day CTA is required. This would be particularly valuable to physicians in rural and community hospitals as this tool would help to efficiently determine who should be transferred to a tertiary care center for definitive imaging with CTA. Thus, the goal of this pilot study was to determine whether it is feasible for POCUS to detect carotid stenosis in patients with symptomatic TIA or stroke when compared with CTA.

METHODS
=======

Study Design and Time Period, Study Setting and Population
----------------------------------------------------------

We prospectively enrolled a convenience sample of ED patients seen at a tertiary care, comprehensive stroke center for either stroke or TIA from June to October 2017. Patients were recruited by the study team. Eligible patients had a diagnosis of stroke or TIA. Patients were excluded if they did not receive a CTA or if the POCUS was deemed indeterminate, which meant that the interpretation could not be deemed positive or negative. We obtained 68 final diagnoses and outcomes from chart review six months following the index ED visit. This consisted of an informal review of ED neurology consultations or outpatient Stroke Prevention Clinic documentation.

###### Population Health Research Capsule

What do we already know about this issue?

In some patients with carotid stenosis, stroke risk is reduced if surgery is performed quickly. Definitive imaging modalities aren't always available.

What was the research question?

How well can carotid point-of-care ultrasound (POCUS) detect ≥ 50% stenosis in transient ischemic attack (TIA)/stroke patients?

What was the major finding of the study?

Compared to computed tomography angiography, carotid POCUS demonstrated a sensitivity of 70.0% with a specificity of 86.7%.

How does this improve population health?

For TIA/stroke patients in rural settings, carotid POCUS is a potential tool to expedite risk-stratification and transfer.

POCUS exams were completed in the ED during the index visit. A POCUS scanning protocol for the carotid artery was developed after a review of the literature and expert opinion. Standard B-mode and colour Doppler images were obtained for each patient following this protocol. The protocol did not include spectral Doppler or velocity calculations. The scanning protocol is included in [Appendix 1](#s1-wjem-21-626){ref-type="supplementary-material"}.

Patients were recruited in a convenience fashion. During dedicated scanning shifts Monday to Friday from 9 [am]{.smallcaps} to 5 [pm]{.smallcaps}, a medical student recruited all stroke codes and patients evaluated for TIA/stroke when paged by the treating clinician. Additional patients were recruited by an emergency medicine (EM) resident during off-hours in the same fashion. Finally, a minority of patients were recruited by the treating clinician if they had been trained to complete the protocol ([Figure 1](#f1-wjem-21-626){ref-type="fig"}).

Intervention
------------

Patients were scanned in the supine position using a high-frequency linear transducer Z-One Ultra (5--10 megahertz \[MHz\]) (Zonare, Mountain View, CA). Scans included the entire course of the common carotid and extracranial internal carotid artery (ICA) ([Appendix 2, Images 1 and 2](#s2-wjem-21-626){ref-type="supplementary-material"}). An example of severe carotid stenosis is shown in [Appendix 2, Images 3 and 4](#s2-wjem-21-626){ref-type="supplementary-material"}.

POCUS operators included a trained medical student, an EM resident and credentialed EPs at The Ottawa Hospital. Given there is no gold standard protocol available EPs were able to recruit after a one-hour didactic session with no hands-on practice. Most recruiting EPs were fellowship-trained in POCUS. The recruiting resident was responsible for developing the protocol and thus was responsible for leading the session. Training for the student consisted of two hours of didactic teaching and a four-hour supervised scanning shift, initially learning the basics of ultrasound and then the protocol, with credentialed POCUS EPs. The student completed 10 determinate carotid scans prior to recruitment. All images were archived for review by a blinded POCUS expert.

Outcome Measures
----------------

The primary outcome of interest was carotid stenosis ≥50%. We chose ≥50% as opposed to ≥70% to ensure more conservative test characteristics. Degree of stenosis on POCUS was determined using an "eyeball" estimation. We used the final CTA report to ascertain the presence of stenosis and the percentage of stenosis if present. Radiologists were unaware of this study and blinded to the POCUS assessment. CTA was chosen as the reference standard as opposed to duplex ultrasound not because it is more accurate but because it is the current standard of care in the ED for these patients. Furthermore, our goal was to compare POCUS with the most widely used imaging practice. The secondary outcome was time required to complete a POCUS, which was generated from the image clips where the times of first and last scan were listed.

Data Analyses
-------------

Data were collected from POCUS results and CTA for each patient, which was then compiled into a Microsoft Excel document (Microsoft Corporation, Redmond, WA) and imported into Statistical Analysis System (SAS Institute, Cary, NC) for analysis. We calculated sensitivity, specificity, predictive values, and likelihood ratios including 95% confidence intervals (CI). A kappa statistic described the inter-rater reliability between initial POCUS assessment and subsequent blinded expert review of the archived POCUS images.

RESULTS
=======

A total of 75 patients were scanned with 70 available for analysis ([Table 1](#t1-wjem-21-626){ref-type="table"}). Of the five patients excluded from the final analysis, four were excluded as they did not receive a CTA at the discretion of the treating physician because the etiology of their symptoms was not stroke/TIA and one was excluded for an indeterminate POCUS. Of the included patients, the average age was 70.4 years; 40 (57.1%) patients were male, 33 (47.1%) were diagnosed with stroke, 20 (28.6%) diagnosed with TIA, and 17 (24.3%) with a stroke mimic, including migraine, seizure, orthostatic hypotension, or encephalopathy. The majority of patients presented with mild deficits with 64 (91.4%) patients scoring a 6 or below on the National Institutes of Health Stroke Scale (NIHSS). Most patients had motor and sensory symptoms, with 27 patients (38.6%) presenting with language symptoms only and six (8.6%) presenting with ataxia only. Almost half of the cases (33 \[47.1%\] patients) were a stroke code activated by the EP.

At The Ottawa Hospital, a stroke code is called for expedited neurology assessment if the patient scores NIHSS 4 or more and has no contraindications to thrombolysis. Forty patients (57.1%) were discharged home. Of these patients, nine were diagnosed with stroke, 16 with TIA, and 12 with a stroke mimic. Ten patients had stenosis 50% or more diagnosed on CTA. Five patients were 50--69%, three patients were 70--99%, and two were 100% occluded. None of the patients with carotid stenosis between 50--69% or 100% had carotid revascularization within two weeks of the index event while all three cases between 70--99% received carotid revascularization. None of the patients with false negative POCUS went to surgery.

Carotid POCUS was poor to moderate in comparison to CTA ([Table 2](#t2-wjem-21-626){ref-type="table"}). Test characteristics were as follows: sensitivity 70.0% (95% CI, 34.8%--93.3%); specificity 86.7% (95% CI, 75.4%--94.1%); positive likelihood ratio (LR +) 5.3 (95% CI, 1.2--9.3); and LR -- 0.4 (95% CI, 0.0--0.7). We calculated a kappa value of 0.68 (95% CI, 0.46--0.90) to compare initial interpretation and expert POCUS interpretation of scans, describing moderate agreement. There were three false negatives on POCUS: one with 100% stenosis and two with exactly 50% stenosis with all three occurring in the internal carotid artery.

Performance of carotid POCUS took a mean time of 6.2 **±** 2.2 minutes to complete. Maximum time was 12 minutes and minimum time was two minutes. This did not include the time to set up the ultrasound machine or any potential pre-scanning to the first saved image.

DISCUSSION
==========

Based on these results in patients with symptomatic TIA or stroke, carotid POCUS has a low to moderate association with CTA for the detection of 50% or greater carotid stenosis. Our patient cohort had a 14.3% prevalence of ≥ 50% stenosis, or 10 total patients. This seems to agree with existing literature that reports carotid artery stenosis as a cause of ischemic TIA and stroke in 10--15% of patients.[@b15-wjem-21-626]--[@b17-wjem-21-626] Only three of 10 patients received intervention with either CEA or carotid stenting. Of the seven remaining patients all had moderate stenosis of 50--69% or a 100% occluded carotid; none of these were operated on at time of publication. Two had 100% chronically occluded arteries for which carotid revascularization was contraindicated.[@b43-wjem-21-626] A third patient was eventually diagnosed with a seizure as the cause of his neurological symptoms, and thus the neurology team felt the carotid stenosis was incidental. One patient declined follow up due to ongoing health issues and thus was never assessed for surgery. Finally, three patients, all with exactly 50% carotid stenosis, were not intervened upon at the discretion of the treating inpatient team in keeping with most guidelines.[@b43-wjem-21-626] All three patients with carotid stenosis 70--99% received intervention within two weeks.

The test characteristics only demonstrated low to moderate sensitivity and specificity, which was due to the three false negatives. An investigation of these three cases was performed. Two patients were found to have 50% stenosis of the left ICA with the other found to have 100% stenosis of the ICA just distal to its origin. All three of these patients were admitted. None of the three patients went on to have carotid revascularization at any point in their hospital stay or within three months following their hospitalization as it is not indicated for this patient group.[@b43-wjem-21-626]

One of the patients with a 50% stenosis was thought to have a free-floating thrombus after a small luminal defect was found. This patient had a unique ED course in that symptoms fluctuated in a crescendo TIA pattern and was seen by the neurology team twice in the same ED visit. On the first assessment, the CTA preliminary report did not identify the luminal defect and the patient was set to be discharged home. Neurology was called back to assess the patient due to recurrence of symptoms and on reassessment of the CTA, the defect was found. After anticoagulation, repeat CTA five days later did not demonstrate the defect. This was a high-risk, unstable TIA patient and in that clinical context a negative ultrasound should not change the patient course.

The second false negative patient was found to have a 100% stenosis, which was not intervened upon as there is no indication for revascularization of chronic occlusions.[@b38-wjem-21-626], [@b43-wjem-21-626] This was likely missed due to significant amounts of plaque calcification that the US waves are unable to penetrate. The final false negative experienced a cerebellar event and, therefore, the carotid stenosis was deemed incidental and asymptomatic and thus not appropriate for carotid revascularization.

This is the first study describing the potential use of a novel carotid POCUS protocol to determine \>50% carotid stenosis in patients presenting with TIA or stroke. When comparing comprehensive carotid duplex scanning in radiology departments, which includes velocity calculations to either angiography or CTA, sensitivity for carotid duplex scan for stenosis ≥50% has been previously found to be 96--98%, with specificities of 83--88%.[@b22-wjem-21-626],[@b23-wjem-21-626] While the specificity of POCUS is similar to duplex scanning, based on our study the sensitivity of POCUS appears to be quite a bit lower. It should also be stressed that this tool would only apply to TIA and non-disabling stroke in a clinical context where rapid outpatient imaging is available. With normal carotid imaging, patients presenting with stroke with disabling deficits should still be screened with CTA to determine candidacy for endovascular thrombectomy.

Additionally, images were generated by both novice and experienced POCUS sonographers after a short training period. While the results were modest, this speaks to the potential generalizability of carotid POCUS to this patient population. However, to simplify the protocol we elected to omit Doppler flow velocities and objective diameter measurements in lieu of an "eyeball" method. This may have had an effect on the overall validity of the test.

LIMITATIONS
===========

The small sample size and convenience sample are limitations in that there was likely some selection bias. Additionally, the study was underpowered secondary to the sample size and thus limits the reliability of the test characteristics. While the sensitivity generated was 70% it may have been as low as 34.8% due to wide confidence intervals. The results, however, do demonstrate a similar rate of stenosis compared with other reported studies. Almost half of the patients recruited were stroke codes that could limit the generalizability to a TIA population. A proportion of the patients recruited were not diagnosed with stroke or TIA by a stroke neurologist in lieu of a common stroke mimic, but this may be found in other patients presenting to the ED with TIA/stroke like symptoms. We also had one scan that was indeterminate due to inability to visualize the entire carotid. This scan was excluded as this is how POCUS is used clinically. With any indeterminate scan the clinician should disregard the results and act based on the clinical information they have; these patients should be transferred for more comprehensive imaging.

The event rate was also low and, therefore, further study is required prior to carotid POCUS being used to rule out 50% or greater carotid stenosis. It is also important to note that the inter-rater reliability of interpreting the scans was moderate, which may limit its external application. Finally, if further research is positive, this tool may be limited by its real-life applicability. Despite the generalizability, rural emergency physicians may not feel confident in a high-risk diagnosis using their own POCUS. This would have to be a target for educational interventions and continuing training/credentialing. Additionally, in a,higher resource medical system outpatient access to carotid imaging may not be delayed so as to affect surgical timeline. This likely limits the applicability of the scan to lower resource settings.

Because POCUS is available in most EDs.[@b41-wjem-21-626] it is a potential tool for a common presentation in TIA/stroke patients, which includes risk-stratification and triaging transfers of these patients as well as rapid identification of stroke etiology. It likely would play less of a role in a tertiary care center with 24-hour access to CTA. Unfortunately, these sites are less likely to have access to POCUS and operators are likely less experienced, which would limit the generalizability of the tool. Additionally, there are other reasons for performing a CTA other than to determine carotid stenosis including identification of proximal thrombi amenable to thrombectomy.[@b39-wjem-21-626]

Additionally, CTA can predict patients at risk of clinical deterioration.[@b40-wjem-21-626] Of course, because POCUS can only interrogate extracranial vessels, despite a normal scan these clinical questions would still require CTA or transfer to tertiary care. Unfortunately, due to the underpowering of our study the confidence intervals are quite wide and the test characteristics of the study may not be reliable. While our study demonstrates an intriguing new use of POCUS, it will require more study with more robust methodology until applied clinically.

CONCLUSION
==========

In our study, carotid POCUS had a low to moderate association with CTA for the detection of carotid stenosis greater than or equal to 50%. Further research and investigation is needed prior to widespread use of carotid POCUS in patients with acute cerebral ischemia.

Supplementary Information
=========================

*Section Editor:* William Whetstone, MD

Full text available through open access at <http://escholarship.org/uc/uciem_westjem>

*Conflicts of Interest*: By the *West*JEM article submission agreement, all authors are required to disclose all affiliations, funding sources and financial or management relationships that could be perceived as potential sources of bias. The study was funded through the CAEP Resident Research Grant 2018. There are no conflicts of interest or other sources of funding to declare.

![Recruitment flow chart for a study of the potential use of point-of-care ultrasound in patients presenting with stroke symptoms at rural hospitals.\
*ED*, emergency department; *POCUS*, point-of-care ultrasound.](wjem-21-626-g001){#f1-wjem-21-626}

###### 

Characteristics of the patients available for analysis.

  Characteristics                                                                                  Number of patients (%)
  ------------------------------------------------------------------------------------------------ ------------------------
  Mean age, years (SD)                                                                             70.4 (13.4)
  Male, n (%)                                                                                      40 (57.1)
  Co-morbidities, n (%)                                                                            
   Previous TIA/stroke                                                                             21 (30)
   Atrial fibrillation                                                                             14 (20)
   Diabetes including type 1 & 2                                                                   16 (23)
   Dyslipidemia                                                                                    26 (37)
   Hypertension                                                                                    32 (45)
   Peripheral vascular disease                                                                     7 (10)
   Mechanical heart valve                                                                          1 (1.4)
  Current medications, n (%)                                                                       
   Anti-platelet[\*](#tfn2-wjem-21-626){ref-type="table-fn"}                                       33 (47)
   Warfarin                                                                                        4 (5.7)
   DOAC                                                                                            9 (13)
   Statin                                                                                          31 (44)
  Eventual final diagnosis                                                                         
   Stroke, n (%)                                                                                   33 (47.1)
   TIA, n (%)                                                                                      20 (28.6)
   Other                                                                                           17 (24.3)
  NIHSS on presentation, n (%)                                                                     
   0                                                                                               26 (37.1)
   1--4                                                                                            34 (48.6)
   5--15                                                                                           7 (10.0)
   16--20                                                                                          0 (0.0)
   21--42                                                                                          1 (1.4)
   Unable to record[†](#tfn3-wjem-21-626){ref-type="table-fn"}                                     1 (1.4)
  Symptoms (may have more than one), n (%)                                                         
   Motor                                                                                           41 (58.6)
   Sensory                                                                                         40 (57.1)
   Language                                                                                        27 (38.6)
   Ataxia                                                                                          6 (8.6)
   Other[‡](#tfn4-wjem-21-626){ref-type="table-fn"}                                                3 (4.2)
  Time from symptom onset to ED presentation, minutes[‡](#tfn4-wjem-21-626){ref-type="table-fn"}   
   Range                                                                                           30--7200
   Mean                                                                                            767
   Mean excluding outliers[§](#tfn5-wjem-21-626){ref-type="table-fn"}                              142
  Stroke code n, (%)                                                                               33 (47.1)
  CTA, n (%)                                                                                       
   Under 50%                                                                                       60 (85.7)
   50% or over                                                                                     10 (14.3)
  Severe stenosis (over ≥ 50%) by NIHSS, n (% of cohort)                                           
   0                                                                                               3 (11.5)
   1--4                                                                                            6 (17.6)
   5--15                                                                                           0 (0)
   16--20                                                                                          0 (0)
   21--42                                                                                          1 (100)
  Admitted, n (%)                                                                                  30 (42.9)
  Carotid revascularization within 2 weeks of index event of those with carotid stenosis, n (%)    3 (30.0)

*SD*, standard deviation; *TIA*, transient ischemic attack; *NIHSS*, National Institutes of Health Stroke Scale; *CT*, computed tomography; *DOAC*, direct oral anticoagulant; *PVD*, peripheral vascular disease; *POCUS*, point of care ultrasound; *ED*, emergency department.

Includes ASA, clopidogrel, dipyramidole either single or dual antiplatelet

Patient intubated and sedated prior to arrival at tertiary care center.

Excluded 7 patients (no documented time of onset) and 2 patients (onset occurred within ED).

Excludes patients presenting over 24 hours (n = 13).

###### 

Two-by-two table of carotid point-of-care ultrasound vs computed tomography angiography for carotid stenosis.

  Carotid stenosis (≥ 50%)   Total                            
  -------------------------- ------- ----------- ------------ ----
  Carotid POCUS                      (+)         (−)          
  (+)                        7       8           15           
  (−)                        3       52          55           
                                                              
  Total                              10          60           70
                                                              
                                     SS = 0.70   SP = 0.867   

*POCUS*, point-of-care ultrasound; *PPV*, positive predictive value; *NPV*, negative predictive value; *SS*, sensitivity; *SP*, specificity.
